The geometries and energies of the conformers of oxocane, the isomeric di-and trioxocanes, and of 1,3,5,7-tetroxocane were calculated by molecular mechanics. A boat-chair conformation was preferred by all molecules. From the preference of oxygen in the boat-chair conformations of oxocane (position 3 over 1 over 4) the preferred boat-chair form of all other oxocanes can be derived. The results are compared to experimental data, which in part can be reinterpreted. Additional CNDO/2 and MINDO/3 calculations were performed for 1,3,5,7-tetroxocane.
Cyclooctane can adopt three conformational families, the boat-chair (BC), chair-chair (CC) and boat-boat (BB) forms, and the three methods used to elucidate the conformations of cyclooctanes, X-ray crystallography, dynamic nuclear magnetic resonance (DNMR), and molecular mechanics calculations, indicate that in the absence of sterically hindering substituents the BC form is preferred [1] . Main reasons for the higher energies associated with the BC and CC forms are transannular repulsions between the hydrogens pointing into the ring, and torsional interactions. When heteroatoms with lower valency than four or sp 2 hybridized carbons as in a double bond or a carbonyl group are introduced into the ring, the BB form might be expected to contribute more strongly to the conformational equilibrium, as 1,5-repulsions disappear [2] . However, at the same time the energies of the other conformations change, which are more difficult to estimate. For a quantitative analysis, the effects of oxygen atoms in the cyclooctane ring on the conformational equilibrium were therefore studied by means of molecular mechanics calculations [3] with a recently developed ether force field [4, 5] . The calculations were performed under complete geometry optimization, employing a block-diagonal Newton-Raphson procedure without symmetry restrictions [3] [4] [5] . Table I lists only the energies of stable energy minima. TCC conformations were converted into the crown form in every case studied during energy minimization. A larger number of BC and BB conformers is feasible for oxocanes than for cyclooctane, however, as nonequivalent ring positions exist where the heteroatom(s) can be placed. In cases where two BB conformations are feasible, the preferred conformer was the one with the maximum number of oxygen atoms in the mirror planes of the cyclooctane BB conformation (Table I) . The calculated order of stability of the five BC conformers found for oxocane 1 points to the relative importance of different transannular repulsions in the parent compound, the strong repulsion between C3 and C? (relieved in BC-3) and short contacts between the hydrogen at the 1-position pointing into the ring with those on C4 and Ce (two such repulsions relieved in BC-1, only one in BC-4) [6] . These results agree with those of preliminary molecular mechanics calculations by Anet [7] tions were also found to be energy minima for compounds 2-7. Their stabilities reflect those of the BC conformations of 1. In the most stable BC form an oxygen atom invariably occupies the 3-position, the location of the other oxygen atom(s) is determined by the compound's constitution (Table I and Fig. 1 ). The relative energies of the (most stable) BC, crown and BB conformations of the oxocanes are surprisingly similar to those of the cyclooctane conformations (MM 2 force field: crown 1.2 kcal mob 1 , BB 3.6 kcal mol -1 less stable than BC [8] ). The BC conformation is preferred in every case (Table I) , only the relative stabilities of the BB and crown forms were found to be different. The BB form of 1,3-dioxocane 2 is favored over the crown as two strong transannular repulsions are relieved. Electrostatic interactions reduce this preference for the BB form in 1,3,5-trioxocane 5 and. let the crown form of 1,3,5,7-tetroxocane 7 be preferred over BB. The higher stability of the BC form of 7 also was found in recent molecular mechanics calculations by Allinger with a force field using dipole interactions instead of the charge interactions used here for the electrostatics [9] . For the crown forms of 1,4-dioxocane (3) and 1,3,6-trioxocane (6) remarkably low energies were obtained because repulsions on the upper and lower side of the crown are relieved.
Experimental data are available concerning the conformations of 1, 2, 6, and 7; compounds 3-5 are not known at present. For 2, the BC-1,3 has been shown to exist in solution [7] . Low temperature NMR data could not decide between a BC conformation with permanent Cs symmetry (BC-1) and unsymmetrical, but repidly pseudorotating BC forms as the BC-3 form favored by the calculations [10] . Discrepancies with experimental data seem to exist for compounds 6 and 7, as NMR data have indicated that the BC and crown conformations of 6 are isoenergetic and that the crown form of 7 prevails over BC [2, 10] . However, this appears to be caused by medium effects, the more polar form (crown) being favored in polar solutions. Thus, the conformational equilibrium of 7 has been shown to depend strongly on solvent and concentration (at high concentrations the polar solute increases the polarity of the solution), with prevailance of the crown form in more polar solvents and at higher concentrations [11] . In the gas phase, the BC form predominates [11] . In the crystal the crown form of 7 has been found, stabilized extremely well by intermolecular interactions (exp. and, in brackets, calcd. bond lengths and angles: rco=140.3 (140.5) pm, t/oco = 113.8 (114.1)°, C/COC = 116.6 (112.5)°) [12] : The rings are packed in continuous stacks, where the ring dipole moments (perpendicular to the ring plane) are parallel. The dipole moments of neighboring stacks point in opposite directions [12] .
For 7, the preference for the same BC conformation was found in CNDO/2 calculations with the optimized molecular mechanics geometries (crown: 7.22 kcalmoH, BC-2,4,6,8 11.10 kcalmoH less stable). Geometry optimization with the MINDO/3 method gave unsatisfactory bond lengths and angles (crown conformation: rcc = 135.4 pm, 0oco = 123.2°, 0coc= 134.7°) with lead to a very unusual BC conformation with atoms 2-4 and 6-8 nearly coplanar. This explains why the BC form was falsely calculated to be less stable than the crown form by 18.7 kcal mol -1 with this method.
The author is indebted to Professor N. L. Allinger for a preprint on related work [9] .
